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14472a7U§01 Patent 

BICYCLE WITH SWINC a rm AND TRANSMISSION 

Field Ofthernventffiti 
The present invention relates to a bicycle including a bicycle body ftame 
provided with a pivot section for supporting a swing arm to freely swing, and a 
transmission. 



Background of the Inventi^^ 
JP-A-2002-^225776 discloses a bicycle including a swing arm pivotally 
supporting a rear wheel and a transmission. This bicycle is provided with a rear frame 
(equivalent to a swing arm) supported to a main frame to freely swing, a shock absorber 
provided between the main frame and the rear frame, a pair of fit>nt sprockets provided 
coaxial to a crank having attached with pedals, a plurality of rear sprockets coupled to a 
rear hub, and a driving chain placed across the front sprockets and the rear sprockets. 
Gear changing is done by fix>nt and rear derailleurs moving the driving chain. 

One issue with this design is that if the swing center line of the rear frame is 
away from the rotation center line of the front sprocket, the distance between the center 
lines significantly changes when the rear frame swings, i.e., between the rotation center 
line of the front sprocket and the rotation center line of the rear sprocket. This causes the 
driving chain to sag a lot. If the driving chain sags due to the swinging rear frame at the 
time of gear change through operation of the derailleurs, it is difficult to change geara 
swiftly and reliably. 

Alternatively, the rear frame is supported in the vicinity of the crank in such a 
manner that the swing center line of the rear frame is located in the vicinity of the 
rotation center line of the front sprocket. Such a structure prevents the driving chain from 
sagging a lot even if the rear frame swings, and can lead to swift and reliable gear change 
to any desired gear position even while the rear frame is swinging. 

However, the problem with the above conventional technology is that, for the 
purpose of ensuring swift and reliable gear change by reducing the sag occurring to the 
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driving chain due to the swinging rear frame through operation of the derailleurs, there is 
a need to place the swing center line of the rear frame in the vicinity of the c«nk. Tliis 
reduces the flexibility of position placement for the tcta fiame to be pivotally supported 
to the bicycle body frame. As such, depending on where Ihe pivotally-supporting 
position will be, the tear frame and the bicycle body frame will be limited to design 
options. 



Summary nftha ^Tiy^^wrtftn 
In an embodiment, the present invention is directed to increasing the flexibility 
of position placement of a pivot section in a bicycle body frame while ensuring swiftness 
and reUability of gear changing even with the swing arm supported to the pivot section to 
freely swing. In another embodiment of the mvention, the pivot section and a 
transmission are arranged on the bicycle body fi«me in a compact manner without 
increasing the transmission in size. 

In an embodiment, the invention is directed to a bicycle, comprising: a bicycle 
body frame provided wHh a pivot section for supporting, to freely swing, a swing arm 
pivotally supporting a rear wheel; and a transmission including; a drive rotation body to 
be rotation-driven by a crankshaft; and a plurality of gear-change rotation bodies, and in 
the transmission, the drive rotation body is drive-coupled by an operation rotation body 
aftcmatively selected from Ae plurality of gear-change rotation bodies by a gear shifting 
mechanism, in which the transmission includes: an output shaft supported to be rotatable 
to a support member fixed to the bicycle body frame, and drive-coupled to the plurality of 
gear-change rotation bodies; and a gear-change band for drive-coupling the drive rotation 
body and the operation rotation body by being placed thereacross by the gear shifting 
mechanism, and the output shaft is drive-coupled to the rear wheel via an output band. 

With such a structure, the drive rotation body is drive-coupled with the operation 
rotation body alternatively selected from the plurality of gear-change rotation bodies by a 
gear shifting mechanism using a gear-change band different from such an output band as 
a driving chain used in the above-described convcntiooal technology. Further, the output 
shaft to which the plurality of gear-change rotation bodies are drive-coupled is fixed to 
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the bicycle body frame. Therefore, no sag occurs in the gear-change band even if the 
swing arm swings. Also, to drive-couple the drive rotation body to the gear-change 
rotation bodies drive-coupled to the output shaft drive-coupled to the output band, is a 
flexible gear-change band. Accordingly, the output shaft can be easily changed in 
position in the transmission even if there needs to catch up with the placement change 
occurred to the bicycJe body fiame or the pivot secUon. What is better, the placement 
flexibility is also increased. In order to suppress any distance change between the 
rotation center line of the output shaft and the rotation center line of the rear wheel when 
the swing arm swings, there only needs to place the pivot section in the vicmity of the 
output shaft having better placement flexibility. Unlike the above conventional 
technology, this resultantly increases the placement flexibility of the pivot section 
required for suppressing the distance change between the center lines. What is better, the 
band can be rather light in weight. 

According to an embodiment of the invention, the pivot section is located inside 
of the gear-change band. 

With such a structure, utilizing a ^ace ft)rmed inside of the gear-change band, 
the pivot section can be fit in the area enclosed by the transmission when viewed firom the 
side. This structure also allows the pivot section to be placed across the space. 

Drawings 

Fig. 1 is a left side schematie view of a bicycle in accordance vidth an 
embodiment of the invention. 

Fig. 2 is a sectional view of a transmission incorporated into the bicycle of Fig. 1 
taken along line ll-n of F^. 3. 

Fig. 3 is a sectional view of the transmission incorporated into the bicycle of Fig. 
1 without a second case part, taken along line 111-111 of Fig. 2. 

Fig. 4 is a section view of a derailleur and a tensioner taken along line IV-IV of 

Fig. 3. 

Fig. 5 is a section view taken along line V-V line of Fig. 2. 
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DetaiJed Des cription of the Tnvpntinn 
In an embodiment, a transmission includes a drive rotation body to be rotation- 
driven by a crankshaft, and a plurality of gear-change rotation bodies. The transmission 
is provided with an output shaft supported to be rotatable to a support member fixed to 
the bicycle body frame, and drive-coupled to the plurality of gear-change «)tation bodies, 
and a gear-change band for drive-coupling the drive rotation body and the operation 
rotation body alternatively selected from the plurality of gear-change rotation bodies by 
being placed Aereacross by a gear shifting mechanism. The output shaft is drive-coupled 
to the rear wheel via an output band, thereby preventing the gear-change band from 
sagging even if the swing aim swings. This also can lead to swift and reliable gear 
change to any desired gear position by the gear shifting mechanism, ensuring gear change 
with swiftness and reliability. Further, for drive-coupling the operation rotation body and 
the drive rotation body, a flexible gear-change band can be used. This eases the 
placement change of the output shaft in the transmission, and leads to better placement 
flexibility. In order to suppress any distance change between the rotation center line of 
the output shaft and die rotation cemer line of the rear wheel when the swing arm swings, 
there only needs to place the pivot section in the vicinity of the output shaft having better 
placement flexibility. This resultantly increases the placement flexibility of the pivot 
section, leading to better design flexibility of the swing arm and the bicycle body frame. 
Moreover, the band is rather light in weight, making the transmission light in weight. 

In an embodiment, the pivot section is located inside of the gear-change band. 
This allows the placement of the pivot section utilizing the space formed inside of the 
gear-change band, favorably leading to compact placement of the pivot section and the 
transmission to the bicycle body fi^e without increasing the transmission in size. 

In the below, an embodiment of the present invention is described by referring to 
Figs. 1 to 5. 

Referring to Figs. I and 2, a bicycle B to which the present invention is applied 
is one specifically designed for going downhill, and used for time competing games such 
as going down an unpaved logging course provided with high-speed comers and jumping 
sections on the drag road. 

4 
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A bicycle body frame F of tbe bicycle B is provided with a head pipe 1 for 
supporting, for steering, a pair of horizomally-arranged front forks 5. the lower ends of 
which each axially support a front wheel Wp. Also included are: a pair of horizontaUy- 
arranged main frames 2 both extending obliquely dowawanl towanb the rear from the 
head pipe 1 ; a down tube 3 locating below the main frames 2 and from the front end parts 
thereof, extending obliquely downward towards the rear, and a saddle frame 4 extending 
from the center parts of the main frames 2 to support a saddle 6. 

It should be noted here that, in this specification, expressions of ^ip and down", 
"front and rear", and ''right and left" are those with reference to the bicycle, and 
conesponding to *Hip and down", "ftonl and rear", and "right and left" of the bicycle. 
Further, viewing fi<Mn the side means viewing from the right and left sides. 

To a pivot shaft 7 being a pivot section connected to rear parts 2a of the main 
frames 2, supported to freely swing are front end parts 8a of a pair of horizontally- 
arranged swing arms 8 for pivbtally supporting a rear wheel Wr via an axle 9 attached to 
the rear end part thereof. The swing arms 8 are coupled to the main frames 2 via a 
suspension 10 including a compression spring 10a and a damper 10b, and thus can swing 
about the pivot shaft 7 in the vertical direction together with the rear wheel Wr. 

The bicycle B is provided with a crankshaft U and a power transmission unit 
including a transmission T and a driving force transmission mechanism. As shown in 
Pig. I, tiie transmission T is placed in the lower part of the bicycle body frame F, between 
the rear parts 2a of the main frames 2 and a rear part 3a of the down tube 3 locating in the 
forward part of the rear parts 2a, and fixed to a main shaft 1 la of the crankshaft 1 1 and 
the rear ends 2a and 3a. Viewing the bicycle down from the above, i.e., with a plan view, 
the driving-force transmission mechanism is arranged on the right side, which is one side 
with respect to a bicycle body center line LI (see Fig. 2) being the center line of the 
bicycle body in the width direction (corresponding to the right and left directions) of the 
bicycle B, and the transmission T. 

Referring also to Fig. 3, the transmission T includes a metal case 20 structured 
by a pair of horizontally-arranged first and second case parts 2 1 and 22 coupled to each 
other by a boh 31 through a plurality of bolt attachment sections 21a and 22a formed in 
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the outer edge section. The case 20 is fixed to the main frames 2 and the down tube 3 in 
a pair of attachment sections 20a formed in the outer edge section using a bolt B2 being 
fixation means. 

The crankshaft 1 1 is provided with the main shaft 1 la so placed as to go through 
the lower part of the case 20 in the lateral direction, and a pair of crank anns lib 
respectively coupled to the right and left end parts of the main shaft 11a protruding 
outwardly from the case 20. To the crank arms 1 lb, a pedal 12 (see Fig. 1) is each 
attached to freely rotate. 

Overhead of the main shaft 1 1 a of the crankshaft 1 1 , and above the case 20, the 
output shaft 24, the pivot shaft 7, and a derailleur shaft 61 of the transmission T are so 
placed as to extend in the lateral direction, i.e., their rotation center line L4, and center 
axis lines L2 and L5 are parallel to one another, and these lines L4, L2, and L5 are 
parallel to a rotation center line L3 of the crankshaft U . The crankshaft 1 1 , the output 
shaft 24, the derailleur shaft 61, and the pivot shaft 7 are so placed as to overiay one 
another in the lateral direction, and intersect with the bicycle body center line LI with the 
plan view. 

The pivot shaft 7 is fixed to the rear parts 2a of the main fi-ames 2 by going 
through the inside of a pair of cylindrical bushings 13 retained by both a through hole 2c 
formed to pivot bosses 2b at the rear parts 2a of the main frames 2. and a through hole 23 
formed by tube sections 21b and 22b of the first and second case parts 2 1 and 22. The 
swing arms 8 are both supported by the pivot shaft 7 to Kreely swing by, at the right and 
left sides of the case 20, the front end parts 8a laterally between the case 20 and the rear 
ends 2a of the main frames 2 being supported by the pivot shaft 7 protruding outside of 
the case 20 via a collar 1 8 and a bearing 1 4. 

Referring to Fig. 1 , the output shaft 24 and the pivot shaft 7 are so arranged as to 
fit within the rotation path of the crank arm 1 lb. Also, the output shaft 24 and the pivot 
shaft 7 are placed with respect to the bicycle body frame F in such a manner that the 
rotation center line L4 of the output shaft 24 locates in a virtual swing range on a virtual 
plane H including the swing center line L2 of the swing arms 8 (corresponding to the 
center axis line L2 of the pivot shaft 7X and a rotation center line L6 of the rear wheel Wr 
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(corresponding to the center shaft line of the axle 9). That is, corresponding to the swing 
range of the swing arms 8, the virtual plane H swings about the swing center line L2 
within the virtual swing range, while the rotation center line L4 of the output shaft 24 is 
located in this virtual swing range. 

Referring to Figs. 2 and 3. the output shaft 24 accommodated in the case 20 
includes a right end part 24a being one end part protruding outwardly flx»m the second 
case part 22. To this right end part 24a, a driving sprocket 15 as an output drive rotation 
body is coupled. Referring also to Fig. I , between the driving sprocket IS and a driven 
sprocket 1 7 as an output driven rotation body drive-coupled to the rear wheel Wr, a chain 
16 is placed across as a flexible output band. Herein, the driving sprocket 15, the chain 
1 6. and the driven sprocket 17 provide structure for the driving force transmission 
mechanism driving the rear v/hssl Wr as a driving wheel. 

In the below, a fijrther detailed description will be given mainly about the 
crankshaft 1 1, the transmission T, and a gear shifting mechanism M2. 

Referring to Figs, 2 and 3, the trananission T includes the case 20 and a gear 
change mechanism Ml placed inside the case 20. The crankshaft 1 1 is partially 
accommodated in the case 20 for retention therein, and the gear shifting mechanism M2 
attached to the case 20 for gear change of the gear change mechanism Ml to any desired 
gear position is coupled to the gear change mechanism Ml for operation. The gear 
change mechanism Ml is provided with a sliding mechanism, which will be described 
hiter, a driving sprocket 31, a plurality of gear-change sprockets 41 to 47, a chain, and the 
output shaft 24. 

The crankshaft 1 1 is supported by the case 20 to fteely rotate via the pair of 
horizontally-arranged bearings 25. The bearings 25 are provided towards the end parts of 
the main shaft 11a, respectively, and retained in the case 20 by the case parts 21 and 22 of 
the case 20. The main shaft 11a is provided with the driving sprocket 3 1 as the drive 
rotation body between the bearings 25 coaxially to the main shaft 1 la. The driving 
sprocket 31 is drive-coupled to the main shaft 1 la via a one-direction clutch 32 being a 
component of the power transmission unit. The one-direction clutch 32 including a 
clutch inner 32a as a part of the main shaft I la with a clutch element 32c sandwiched, 
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and a clutch outer 32b as a part of an inner tube 34, which will be described later, 
transfers only the rotation of the crankshaft 1 1 in the forward direction AO to the drive 
sprocket 3 1 (the heading direction of the bicycle B). In the below, the forward direction 
of various shafts and sprockets when the crankshaft 1 J rotates in the forward direction AO 
is denoted by a reference character AO. 

Between the one-direction clutch 32 and the driving sprocket 31, is the sliding 
mechanism allowing the driving sprocket 31 to move in a direction A3 of the rotation 
center line L3 with respect to the main shaft 1 la, and rotating together with the clutch 
outer 32b of the one-direction clutch 32. The sUding mechanism Includes: the inner tube 

34 as a part of the clutch outer 32b and to the outer radius of the main shaft 1 1 a, coaxially 
supported to the main shaft 1 la to freely rotate via a pair of bearings 33; an outer tube 35 
provided coaxially to the inner tube 34 in the radial direction of the inner tube 34; and an 
engagement mechanism 36 provided between the outer radius of the iimer tube 34 and the 
inner radius of the outer tube 35. The outer tube 35 is coupled with the driving sprocket 
31 and a chain guide 37 by a bolt B3 to be a piece, and the driving sprocket 3 1 , the chain 
guide 37, and the outer tube 35 rotate together as a piece, and move together in the 
direction A3 of the rotation center line along the main shaft I la. 

The engagement mechanism 36 for allowing the inner tube 34 and the outer tube 

35 to rotate together, and allowing the driving sprocket 31 to move towards the direction 
A3 of the rotation center line with resp^t to the inner tube 34 and the main shaft 1 la is 
structured by a pair of holding grooves 36a and 36b each formed to face each other in the 
radial direction at the equal angle positions in the peripheral direction of the outer radius 
of the inner tube 34 and the inner radius of the outer tube 35, and a ball string composed 
of a plurality of balls 36c accommodated across in the holding grooves 36a and 36b to 
engage with the inner tube 34 and the outer tube 35 in the peripheral direction as an 
engagement element. The pair of tihe holding grooves 36a and 36b is pluraliy provided, 
and in this embodimem has five pairs. The width of each of the holding grooves 36a and 
36b in the direction A3 of the rotation center line is so set as to be wider than the width of 
the ball string in the direction A3 of the rotation center Ime, and to allow the driving 
sprocket 31 to move in the direction A3 of the rotation center line in Hhc movement range 

8 



PAGE 20148 ' RCVD AT 7I2$I20(I5 9:30:46 AM [Eastern Daylight fine] ' SVIkUV^^ 



07/25/2005 08:24 612-455-3801 



HSML, P.O. 



PAGE 21/48 



equal to the shifting movement range of a deraiUeur 60, which wiU be described later. 
For the puipose of defining the movement range of the driving sprocket 31 and the outer 
tube 35, the inner tube 34 and the outer tube 35 are provided, respectively, with first 
stoppers 34a and 35a and second stoppers 34b and 35b for defining the movement of the 
ball string. 

The output Shalt 24 is rotatably sujpported to the case 20 via a pair of 
horizontally-ananged right and left bearings 38 retained in the case 20 to the case parts 
21 and 22, respectively. In this sense, the case 20 is the supporting member fixed to the 
bicycle body frame P to support the crankshaft 1 1 and the output shaft 24 to freely rotate. 

To the output shaft 24, a rotation body group composed of a plurality of gear- 
change rotation bodies is drive-coupled at the position intersecting with the bicycle body 
center line Ll with a plan view in such a manner as to rotate together with the output 
shaft 24 between the bearings 38. In this embodiment, the rotation body group is a 
sprocket group 40 composed of the gear-change sprockets 41 to 47 as 4e seven different 
gear-change rotation bodies varying in diameter. These seven gear-change sprockets 41 
to 47 are arranged in order, ftom the gear-change sprocket 41 for the first gear being the 
slowest speed to the gear-change sprocket 47 for the seventh gear being the fastest speed, 
i.e., from slow to fast, along the direction A4 of the rotation center line LA. Those are 
qjline-coupled coaxially to the output shaft 24 at the outer radius thereof. 

Between the driving sprocket 3 1 and an operation sprocket (gear-change 
sprocket 47 in Fig. 2) being one of the gear-change sprockets selected out of the sprocket 
group 40 by the gear shifting mechanism M2, a chain 48 as a flexible gear-change band is 
placed across. With such a structure, the output shaft 24 is rotation-driven by the 
crankshaft 1 1 with a gear-change rate determined by the driving sprocket 3 1 and die 
operation sprocket drive-coupled via the chain 48. The power of the output shaft 24 is 
transmitted to the rear wheel Wr via the driving sprocket 1 5, the driven sprocket 17 (see 
Fig. 1), and the chain 1 6 wound around these sprockets 1 5 and 17. 

The gear shifting mechanism M2 is provided with a gear-change operation 
mechanism 50, the derailleur 60 including a guide pulley 63, and a tensioner 70 including 
a tension pulley 72. The chain 48 is wound around the driving sprocket 31, the operation 

9 
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sprocket, and the guide pulley 63 and the tension puJley 72 placed on the side towards 
which the chain 48 sags. 

Referring also to Fig. 1, the gear-change operation mechanism 50 is provided 
with a gear-change operation member 51 exemplarily structured by a gear-change lever 
operated by a driver, a wire 52 for operationHK>upling the gear-<hangc operation member 
51 and the deraiUeur 60 for transmitting the operation of the gear-change operation 
member 5 1 to the deraillcur 60, and an outer tube 53 being a tube covering the wire 52 
and partially including an accordion part 53a. 

Referring to Figs. 2 to 5, the deraillcur 60 is provided with a derailleur shaft 61 
fixed to the case 20, a derailleur ann 62 engaged to the derailleur shaft 61 to fieely slide, 
a guide pulley 63 as a guide rotation body sxipported to the deraillcur arm 62 to fteely 
rotate, and a return spring 64 as return means for having the derailleur arm 62 return to its 
original position. 

One end part 61a of the deraiUeur shaft 61 is supported to the first ca^e part 21 
via a cap 25 by engagmg with the retention hole of the cap 25 coupled to the first case 
part 21 using a bolt (not shown). ITic otiier end part 6lb Is supported to the second case 
part 22 by engagmg with the retention hole of the second case part 22. The one end part 
61a fonned with an insertion hole 61c into v^toch the wire 52 is inserted and is latched 
With the other end part of a coil spring 66, one end part of which is latched with the cap 
25. Such a coil spring 66 prevents the derailleur shaft 61 from rotating witii respect to the 
case 20. 

To the derailleur shaft 61, formed are an accommodation hole 61 d for 
accommodating a cylindrical operation element 54 coupled to the wire 52 using a 
setscrew 55 in such a manner as to be movable in the direction A5 of the center shaft line 
L5, and a guiding hole 61e being a guidmg section for guiding a pin 62p as an operated 
element for moving the derailleur arm 62 by engaging with the operation element 54. 
The accommodation hole 61d is a cylindrical hole whose center axis shaft line is the 
center shaft line L5 of the derailleur shaft 61 . The guiding hole 61 e is open towards the 
accommodation hole 61d, and structured by a pair of long holes opposing to each other in 
the radial direction of the derailleur shaft 61. Each of the long holes is formed in such a 
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helical manner as extending towards the direction A5 of the center shaft line and 
displacing in the peripheral direction. The pin 62p is inserted into the guiding hole 61 e to 
engage with the deiaiUeur shaft 6 1 (see Figs. 3 and 5). and the shifting movement range 
being a movmg range for the derailleur ann 62 to shift the operation sprocket among the 
sprocket group 40 is defined by a first stopper 6 If structured by the rim part of one end 
part of the guiding hole 61e, a second stopper 61g stmctumi by the tim of the other end 
pari of the guiding hole 61e, and a coil spring 66. 

The deraiUcur ann 62 is provided with a cylindrical boss 62c engaging with the 
outer radius of the derailleur shaft 61 to finely sUde, a pair of first and second arm parts 
62a and 62b whose base end parts are compressed into the outer radius of the boss 62c 
for fixation thereto, a rivet 62c provided at the tip parts of the arm parts 62a and 62b, and 
inserted into the inside of a collar 62d defining a gap between the arm pans 62a and 62b 
for coupling the arm parts 62a and 62b as coupling member having Ae collar 
therebetween, and a support shaft 62f engaged to the outer radius of the rivet 62e to 
support the guide pulley 63 to fteely rotate between the first and second arm parts 62a 
and 62b. 

The pin 62p inserted into the guiding hole 61e is fixed to the derailleur aim 62 
so that the derailleur arm 62 moves, in the shifting movement range, on the derailleur 
shaft 61 in the direction AS of the center shaft line and the peripheral direction of the 
derailleur shaft 61 responding to the operation of the gear-change operation member 5 1 . 
As a result, both end parts of the pin 62p going through a pair of trough holes 62cl of the 
boss 62c are compressed into another pair of through holes 62b I formed to the base end 
part of the second arm part 62b for fixation. At the tip part of the second ann part 62b, 
formed is a spring accommodation section 62b2 for accommodating a tension spring 73 
of the tensioner 70, which will be described later. The tension spring 73 is arranged in 
the accommodation section 62b2 so as to enclose the rivet 62e. 

Referring to Fig. 2, the return spring 64 being a compression coil spring is 
placed in the case 20 in such a manner that one end part thereof abuts to a sprmg 
receiving section of the cap 25, and the other end part thereof abuts to a spring receiving 
section of the first arm part 62a. When the derailleur ann 62 occupies the original 
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position being the fastest gear position at which the chain 48 is wound atound the gear- 
change sptx,cket 47, the return spring 64 so biases the derailleur aim 62 that the pin 62p is 
positioning at one end part of the guiding hole 6le to abut to the iiist stopper 6lf (see 
Fig. 4). 

m such a manner, responding to the operation of the gearnihange operation 
member 51, when the operation element 54 coupled to the wire 52 moves in the 
accommodation hole 61d in the direction AS of the center axis line, in the shifting 
movement range, the derailleur arm 62 translationally moves on the derailleur shaft 61 in 
the direction AS of the center axis line and swings about the derailleur shaft 61. This is 
due to the operation force generated by the engagement with the operation element 54 
moving against the spring force of the return spring 64. and the spring force of the return 
spring 64 actuating via the derailleur arm 62. 

Then, depending on the gear position of the derailleur arm 62, the chain 48 
guided by the guide pulley 63 moving together with the derailleur aim 62 occupying the 
gear position determined by the operation amount of the gear-change operation member 
51 is wound around the operation sprocket altematively selected from tiie sprocket group 
40, and thus tfie driving sprocket 3 1 and the operation sprocket are drive-coupled together 
by the chain 48. 

At this tim e, the shape of the guiding hole 61 e is so set that the derailleur arm 62 
and the guide pulley band 63 occupy, depending on the gear-change sprockets 41 to 47 
varying in outer diameter according to the gear position, the positions as close as possible 
to tiie operation sprocket, and the positions as close as possible to the output shaft 24. 
Thus, as shown in Fig. 3, tiie tip part of the derailleur arm 62 and the guide pulley 63 
occupy the lowest position closest to die output shaft 24 in the radial direction among tiie 
seventh gear positions at which chain 48 is wound around tfie gear-change sprocket 47 
whose outer diameter is tiie smallest among tiie gear-change sprockets 41 to 47 varying in 
outer diameter, i.e., addendum circle diameter. As tiie derailleur aim 62 moves closer to 
ttie gear position on tiie slower side, tiiey move away from the output shaft 24 by degrees, 
and occupy the highest position being tiie fartficst position from tiie output shaft 24 in tiie 
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radial direction at the first gear position m which the chain 48 is wound atound the gear- 
change sprocket 41 whose outer diameter is the largest among the sprocket group 40. 

Referring to Figs. 3 and 4, the tensioner 70 is provided with a holder 71 
rotatably supported to the support shaft 62f of the deraiUcur ann 62 between the first and 
second am parts 62a and 62b, a tension pulley band 72 as a tension rotation body 
rotatably supportied to the holder 71 , and a tension spring 73. The holder 71 is provided 
with a pair of first and second anns 71a and 71b whose base end parts are engaged to the 
outer radius of the support shaft 62f to freely swing, a collar 71c provided at the tip parts 
of the aims 71a and 71b to define a gap between the arms 71a and 71b, and provided to 
serve as a support shaft for the tension pulley 72, a rivet 71 d inserted into the inside of 
the collar 71c to couple the amis 71a and 71b as a coupling member with the collar 71c 
therebetween, and a bearing 71e compressed into the outer radius of the collar 71c. 

The tension pulley band 72 is rotatably supported to the collar 71c between the 
first and second anus 71a and 71b via the bearing 71e. Using the first and second aims 
71a and 71b as a chain guide, the chain 48 is wound around the guide pulley band 63 and 
the tension pulley band 72. 

As shown in Fig. 3. one end part 73a of the tension spring 73 being a return coil 
spring is latched with the second arm part 62b, and the other end part 73b is latched with 
the second arm 71b of the tensioner 70. Due to the spring force, the holder 71 , and the 
tension pulley band 72 are biased to provide the chain 48 with almost constant tension. 

Referring to Fig. 3, when viewed from the side, the pivot shaft 7 fixed to the rear 
parts 2a of the pair of main frames 2 is located inside of the chain 48, and passing 
through a space formed inside of the chain to protrude fix>m the case 20 in the lateral 
direction (see also Fig. 2). The pivot shaft 7 is then placed as close as possible to the 
output shaft 24 in the rear of the output shaft 24 provided with the sprocket group 40. 
This placement is for suppressing any distance change as much as possible, when the 
swing arms 8 swing, between the rotation center line L4 of the output shaft 24 and the 
rotation center line L6 of the rear wheel Wr (see Fig. 1). Further, the guide pulley 63 and 
the tension pulley 72 supported by the derailleur arm 62 finely swing about the deiailleur 
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shaft 61 placed directly above the output shaft 24 are placed in the case 20 utilizing the 
space formed in the rear of the output shaft 24. 

As shown in Figs. 2 and 3, when the gear-change sprocket 47 is selected as the 
operation sprocket out of the sprocket group 40 by the deraUlcur 60 including the 
^ derailleur atm 62 at the original position, the crankshaft 1 1 rotating in the forwaid 
direction AO responding to the driver's depressing the pedals rotate^ves the driving 
sprocket3l via the oneslu^ction clutch 32. The driving sprocket 31 rotate-drives the 
gear-change sprocket 47, the output shaft 24, and the driving sprocket 15 at the gear- 
change rate determined by these sprockets 31 and 47 via the chain 48. The driving 
sprocket 15 rotate-drives the driven sprocket 17 (sec Fig. 1) and the rear wheel Wr via 
the chain 16. In such a structure, the driving force of the crankshaft 11 to be rotate- 
driven by the driver is transmitted to the output shaft 24 via the driving sprocket 31, the 
chain 48, and the gear-change sprocket 47. The power fbtcc of the output shaft 24 is then 
transmitted to the rear wheel Wr via the driving force transmission mechanism, thereby 
rendering the bicycle B run at seventh gear position. 

In order to shift tiie gear position from the original position by the derailleur 60, 
when the gear-change operation member 51 is so operated as to select, as the operation 
sprocket, the gear-change sprockets 41 to 46 locating at the lower speed side, e.g., the 
gear-change sprocket 41, the operation element 54 moving leftward in Fig. 2 in the 
direction A5 of the center axis line by the wire 52 pushes the pin 62p. This moves the pin 
62p from the first stopper 61f to the position abutting to the second stopper 61g. At this 
time, the derailleur aim 62 and the guide pulley 63 moving together with the pin 62p 
move on the derailleur shaft 61 leftward in Fig. 2 in the direction A5 of the center axis 
line, and swing in the clock direction in Fig. 3 about the derailleur shaft 61. At the time 
point when the pin 62p abuts to the second stopper 6lg, occupied is the firat gear position 
being the gear position indicated by the two-dotted lines in Figs. 2 and 3. Fig. 5 shows 
the state in which the pin 61 p is in at this time by the two-dotted lines. 

When the derailleur ann 62 moves, the chain 48 moving leftward in Fig. 2 
together with the guide pulley 63 simultaneously moves the driving sprocket 31 movable 
in the above movement range by the sliding mechanism leftward in the direction A3 of 
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the rotation center line With respect to the main sh aft 11a Of the crankshaft 11 together 
with the outer tube 35. At the time when the pin 62p abuts to the second stopper 61g. the 
driving sprocket 3 1 occupies the position indicated by the two-dotted lines of Fig. 2. At 
this time, the chain 48 is wound around the gearsjhange sprocket 41 for drive-coupling 
with tlie driving sprocket 31 via the chain 48. The tension pulley 72 occupies the 
position providing almost constant tension to the chain 48 by the tension spring 73. 

When the gear-change operation member 51 is so operaled that the operation 
sprocket is selected from the gear-change sprockets 42 to 47 on the fester side than the 
gear-change sprocket 41 , and when the wire 52 is loosened, the return spring 64 moves 
the deraiUeur arm 62 towards the original position. Then, the guide puUey 63 selects the 
gear-change sprockets 42 to 47 on the lower speed side as the operation sprocket, and the 
chain 48 is wound around the operation sprocket. At this time, simultaneously when the 
deraiUeur arm 62 moves, the chain 48 moves the driving sprocket 3 lin tiie direction A3 
of tiie rotation center line to the position corresponding to the new gear position. Then, 
tiie bicycle B runs at the gear-change rate at the new gear position. 

Similarly, when changing tiie gear position, tiie deraiUeur aim 62, flte guide 
pulley 63, and tfie tension pulley 72 move towards any desiied gear position responding 
to flic operation of the gear-change operation member 51. Simultaneously tiierewith, tfie 
driving sprocket 31 also moves on the main shaft 1 la foUowing the movement of the 
deraiUeur aim 62. Then, by tiie deraiUeur 60, selected is one operation sprocket 
corresponding to any desired gear position fiom the sprocket group 40. The dri ving 
sprocket 31 and the operation sprocket are tiien drive-coupled via tfie chain 48. 

As such, foUowing tiie movement of the deraiUeur aim 62 to shift tiie gear 
position, by the driving sprocket 31 moving in the same direction as tiie translational 
movement of tiie deraiUeur ann 62 in tiie above shifting movement range, gear change 
can he swiftly done to tfie selected gear-change sprockets 41 to 47 witii rapidity and 
reliabUity even if the gap between the driving sprocket 3 1 and the sprocket group 40 is 
naiTOwed down. Thus, tiie transmission T can be reduced in size, and in tiie resulting 
smaU transmission T, gear change can be swiftly done to any desired gear position with 
reliability. 
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When the deraiUeur arm 62 moves in the above shifting movement range, the 
deraiUeur ami 62, the guide pulley 63, and the tensioner 70 aie always, in the vertical 
direction, locating below almost the highest part of the deraiUeur shaft 61 positioning 
directly above the output shaft 24 and the spn>cket group 40. In the fore-and-aft 
direction, those are always placed among the tail part of the driving sprocket 31, and the 
tip parts of the output shaft 24 and the deraiUeur shaft 61 . With such a positioning, the 
deraiUeur aim 62, the guide pulley 63, and the tensioner 70 are so placed as to fit in the 
range in the fore-and-aft direction and the vertical direction defined by the placement of 
the driving sprocket 31 coaxial to the mafai shaft 1 la of the crankshaft 1 1, and the 
sprocket group 40 coaxial to the output shaft 24. Therefore, the case 20, and the 
transmission T can be successfiJiy reduced in sijw. 

The transmission T includes flie driving sprocket 3 1 rotate-diiven by the 
crankshaft 1 1, and a plurality of gear-change sprockets 41 to 47. Therein, also provided 
are: the output shaft 24 rotatably ai^ported to the case 20 fixed to the bicycle body frame 
F, and drive-coupled to the gear-change sprockets 41 to 47; and the chain 48 placed 
across the operation sprocket a$ a result of alternative selection made from the sprocket 
groiq) 40 by the deraiUeur 60 and the driving sprocket 3 1 for drive-coupling 
therebetween. The output shaft 24 is drive-coupled to the rear wheel W,^ via the chain 
16, whereby the driving sprocket 31 and the operation sprocket are drive-coupled by the 
chain 48 for gear change different from the chain 1 6. Further, the output shaft 24 to 
which the plurality of gear-change sprockets 41 to 47 arc drive-coupled are fixed to the 
bicycle body frame F via the case 20. Such a strucuirc prevents the chain 48 from 
sagging even if the swing arms 8 swing, leading to swift and reliable shifting to any 
desired gear position by the deraiUeur 60, and ensuring gear change with swiftness and 
reliability. Further, the chain 48 is used to drive-couple the drivmg sprocket 31 with the 
operation sprocket drive-coupled to the output shaft 24 drive-coupled with the chain 16. 
This cases placement change of the output shaft 24 in the transmission T to catch up with 
the position change of the bicycle body fi^e F and the pivot shaft 7, for example. What 
is better, the placement flexibiUty is also increased. Moreover, in order to suppress any 
distance change between the rotation cemer line L4 of the output shaft 24 and the rotation 
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center hne L6 of the wheel W, when the swing amis 8 swing, the.^ only needs to 
place the pivot shaft 7 in the vicinity of the output shaft 24 having better placement 
flexibilrty as described above. Ttts resultanUy increases the placement flexibUity of the 
pivot shaft 7, leading to better design flexibility of the swing anns 8 and the bicycle body 
frame F. Moreover, the chain 48 is rather light in weight, making the transmission T 
light in weight. 

The rotation center line L4 of the output shaft 24 is located in the virtual 
movement range defined corresponding to the swing range of the swing arms 8. This can 
suppiess the distance change between the center lines in the swing range of the swing 
arms 8 to a greater degree. 

The transmission T can be reduced in cost by adopting the chain 48 and the 
gear-change mechanism Ml simple in structure using the sprocket group 40 composed of 
a plurality of gear<hange sprockets conventionally widely used for the bicycle as the 
gear-change rotation body. 

When viewed from the side, the pivot shaft 7 is located inside of the chain 48 of 
the transmission T. This aUows the pivot shaft 7 to fit in the area enclosed by the 
transmission T utilizing the space foimed inside of the chain 48 when viewed from the 
side, favorably leading to compact placement of the pivot shaft 7 and the transmission T 
to the bicycle body frame F without increasing the transmission T in size. Further, the 
pivot shaft 7 going through the transmission T in the width direction is placed across the 
above space. This eliminates the need for separately forming a space for making the 
pivot shaft 7 pass through the transmission T to avoid interference between the pivot 
shafl 7 and the componems of the transmission T such as the gear-change mechanism 
Ml. Also in this respect, the transmission T can be prevented fo)m being Increased in 



size. 



It will be appreciated that many things can be varied without deviating from the 
scope and spirit of the invention. For example, the case 20 of the transmission T may be 
made of synthetic resin. The transmission T may not be provided with the case 20. and if 
this is the case, the crankshaft 1 1 , the output shaft 24, and the derailleur 60 are attached to 
the bicycle body frame F or supported to the bicycle body frame F via a supporting 
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member such as a bracket formed as a piece with the bicycle body frame F. The swing 
arm may be singularly provided, either right or left. 

As the gear-change band, a belt may be used, and as the drive rotation body and 
the gear-change rotation body, pulleys may be used. Further, as the band for output to 
the rear ^vheel W„ a ciirular belt may be used, and as the drive rotation body for output 
and the driven rotation body for output, pulleys may be used. As to the pivot section, 
there is no need to be a single member passing through the transmission T in the width 
direction as the pivot shaft 7, and may be multiple members. 
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